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This invention concerns copolymers from (A) 
esters of methacrylic acid and a saturated ali- 
phatic monohydric alcohol of sixteen to twenty- 
four carbon atoms and (B) esters of a saturated 
aliphatic monocarboxylic acid of three to four- 
teen carbon atoms and an alcohol selected from 
the class consisting of allyl, methallyl, and 2- 
chloroallyl alcohols. It deals further with com- 
positions oî marrer which are based on these 
copolymers dissolved in hydrocarbon liquids hav- 
ing waxy pour points. These compositions are 
characterized by pour points lover than those 
of the hydrocarbon fiuids without said copol- 
ymers. 
If bas long been known that oils may be 
thickened by addition thereto of resinous 
terials. In some instances, the compositions re- 
su]ting from solution of a polymeric product in 
an off bas an improved viscosity-temperature 
relationship. In some cases, the solution of 
polymeric material bas a higher pour point than 
the off itself. It other cases, the addition of 
polymer does hOt alter the pour point. In still 
other cases, the pour point is lowered. This 
effect is obtained primarily with hydrocarbon 
liquids containing wax. Polymers which are 
fective in such liquids can hot, however, be 
predicated from the teaching of the art. 
The influence of the copolymers of this in- 
vention on waxy hydrocarbon liquids could no 
bave been foreseen from the behavior of indi- 
viduel polymers from the separate esters. Thus 
polymers of stearyl methacrylate, cetyl meth- 
acrylate, or octyl methacrylate, allyl octoate, 
allyl palmitate, allyl stearate, methallyl laurate, 
methallyl stearate, or 2-chloroallyl stearate rail 
to depress the pour point of waxy oils. Mix- 
tures of these varioui polymers rail to bave 
any economic value as pour point depressants, 
whereas the copolymers of this inTentior bave 
a signilïcant influence in depressing pour points 
of wax-containing liquids. 
If is now round that off-soluble copolymers 
from (A) methacrylic esters of long-chained 
saturated aliphatic m0nohydric alcohols and (B) 
allylic esters of saturated aliphatic fatty acids 
from propionic to myristic effect a considerable 
depression of normal pour points of wax-con- 
taining hydrocarbon fluids. For this specific 
combination of monomers yielding off-soluble co- 
polymers there is a greater latitude in the pro- 
portion of monomers which may be taken to yield 
copolymers which lower pour points than with 
effective combinations of other monomers yield- 
ing pour depressing copolymers. For each mole 
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of a defined methacrylic ester there may be tken 
from 0.075 mole of an allyl ester up to a number 
of moles equal to twice the number of carbon 
atoms in the longest chain of the monocar- 
5 boxylic acid forming the allyl ester. Thus, the 
number of moles of allyl ester which may be 
copolynerized with a methacrylic ester increases 
with the size of the allyl ester. While the above 
rule holds well up to about decanoic acid, it 
10 should be noted that somewhat larger propor- 
tions of allyl laurate or allyl myristate may be 
copolymerized to give effective copolymers. 
The methacrylic esters which are taken to 
form the copolymers of this invention have the 
15 formula 
CH=C (CH) COO 
where 1 is an alkyl group having a chain of 
sixteen to twenty-four carbon atoms. 1 .may 
thus be a group such as cetyl, heptadecyl, 
20 stearyl, tricosyl, tetracosyl, or the like. The 
cetyl and stearyl esters are those of first choicei 
IV£ethods of forming long-chained methacrylates 
are well known. While the alkyl group 1 may 
be obtained from pure alcohols, it is quite satis- 
25 factor] to use commercial products which con- 
tain mixtures of such long groups. 
The allyl esters are likewise obtainable 
cording to known procedures. An allyl alcohol 
may be reacted with a carboxylic acid in the 
30 presence of an esterification catalyst. Water 
may be removed as by distillation of an azeo- 
tropic mixture containing a solvent, such as 
benzene, toluene, or naphtha. Acid anhydrides 
may be used in place of acids. Another method 
35 is based on reactions With acid halides. 
The allyl, methallyl, and 2-chloroallyl groups 
all give similar end-copolymers and are, there- 
fore, interchangeable in forming allyl esters. 
Other «-substituents than the methyl group or 
40 chlorine and substituents in the -position fali 
to give copolymers having the required balance 
of properties in an economically desirable way. 
Acid groups which yield allyl esters giving the 
kind of copolymers here desired are obtainable 
45 ïrom saturated aliphatic monocarboxylic acids of 
three to ïourteen carbon atoms. They include 
propionic, butyric, isobutyric, valeric, isovaleric, 
2-methylbutanoic, pivalic, heptoic, caproic, iso- 
caproic, 2-methylpentanoic, 3-methylpentanoic, 
50 2,2-dimethylpentanoic, 3,5,5-t'imethylhexoic, 2- 
ethylbutanoic, 2-ethylhexanoic, n-nonoic, iso- 
nonoic, capric, undecanoic, lauric, myristic, and 
the like. While pure individual allyl esters may 
be used, there may also be used  mixture of 
SG these esters. The esters may be prepared, 
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instance, from a commercial mixture of lower 
fatty acids. The allowable proportions of mix- 
tures are determined by the average chain length. 
Copolymers from the methacrylic esters and 
the allylic esters are prepared by mixing the 
two kinds of esters in the presence oï an inert 
organic solvent, such as benzene, toluene, xylene, 
or naphtha in an amount fo ensure complete 
solution oï copo]ymer, and copolymerizing there- 
in by heating in the presence oï a peroxidio 
catalyst. Copolymerization is effected in the 
temperature range of ï0 ° C. fo !60 ° C. An inert 
atmosphere should be used. This may be sup- 
p]ied by use of an inert gas, such as nitr0gen, 
or by the vapors oï a volatile inert orgarfic 
solvent. 
As catalysts there may be used one or more of 
such organic peroxides as acetyl peroxide, caproyl 
peroxide, lauroF1 peroxide, benzoyl peroxide, 
dibenzoyl peroxide, di-tert.-butyl diperphthalate, 
tert.-butyl perbenzoate, 2,2- bis(tert.-butyl- 
peroxy)butane, methyl ethyl ketone peroxide, 
di-tert.-butyl peroxide, and tert.-butyl hydro- 
peroxide. While about 2% of a peroxid in a 
mixture of mon0mers is suflicient fo start co- 
polymerization, if is desirable, iï copolymeriza- 
tion is fo be accomplished in a reasonable rime, 
to use larger quantifies. If is particularly ef- 
fective to add small amounts of peroxide from 
rime fo rime as copolymerization proceeds. 
Amounts of 3% fo 15% or more of the total 
weight of monomers are useful. 
Typical procedures for preparing the copoly- 
mers of this invention are presented in the fol- 
!owing illustrative examples. 
Eaïnp 1 
A mixture was prepared ïrom 70 parts of 
stearyl methacrylate, 144 parts oï allyl laurate, 
ï0 parts of toluene, and lï parts of benzoyl 
peroxide. A portion oî 48 parts of this mix- 
ture was placed in a reaction vessel and heated 
to 100 ° C. This mixture was stirred and blan- 
keted with nitr0gen. Small portions were added 
thereto ai ten minute intervals, all of the mix- 
ture being introduced into the reaction vessel 
within two hours. Addïtions of 5 parts of 
benzoyi peroxide were ruade ai 3 hours and 4.5 
hours. Ai 6 hours, since the batch was becoming 
thick, 200 parts of toluene was added. Ai 6.33 
hours 2 parts of benzoyl peroxide in 50 parts oï 
toluene was added. At 6.33 hours 0.8 part of 
benzoyl peroxide was added. Stirring and heat- 
ing were continued until eight hours had elapsed. 
The product was a 38.2% solution of copoly- 
mer in toluene. A portion of this was diluted to 
30% of copolymer and round fo have a viscosity 
of !42 cs. ai 100 ° F. 
Exape 2 
A mixture of 4 parts of tëtracosyl methacrylate, 
16 parts of allyl laurate, 5 parts of toluene, and 
one part of benzoyl peroxide was placed in a 
reaction vessel and stirred by passage of w 
stream of nitrogen as therethrough. The res- 
sel was heated fo 113 °- C. for four hours, af 105 ° 
C. for 6.5 hours, nd a 95 ° C. for 1.5 hours. Af 
four hours 0.4 part of benzoyl peroxide was 
added, af 4.5 hours 1 part., af 5.5 hours 0.4 part, 
and af 6.5 hours 0.15 part. Af 7.6ï hours 17.4 
parts of toluene was added. The product was 
a 47% solution of copolymer in a yield of 97.1%. 
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weight of cetyl methacrylate, 55 parts of methal- 
lyl laurate, 10 parts of toluene, and 5 parks of 
benzoyl peroxide. This was introduced during 
the course of two hours into a reaction vessel 
5 held ai 110°-!20 ° C. The mixture was stirred 
continuously and kept in this temperature range 
for three hours. If was then kept between 99 ° 
C. and 105 ° C. for the test of the eight hour re- 
action rime. Nitrogen gas was slowly passed 
]0 through the apparatus to keep out air. Addi- 
tions were ruade as follows: 
Ai 3 hours, 2 parts of benzoyl peroxide in !5 
parts of toluene; 
Ai 5 hours, 5 parts of the peroxide in 20 parts of 
15 toluene; 
-Ai 6 hours, 2 parts of peroxide in 29 parts of 
toluene; and 
Ai ï hours, 0.8 parts of peroxide in 20 parts of 
toluene. 
The product was a 38.6% solution of cop)lymer, 
corresponding fo an 80%-yield based on wëight 
of monomers used. The viscosiy of 
toluene solution was 3.9 cs. ai 100 ° F. 
25 The copolymer was transferred to a light 
petroleum off by heating the toluene solution 
with the off under reduced pressure. A32.2% 
concentrate was thus prepared with final: heat- 
ing af 140 ° c. af one mm. This concçntrte.is 
30 stable for addition fo waxy oils to supply 
amounts from 0.05% fo 5% of copolymer. :This 
method of making an off solution of a Spoly- 
;ner and use of these amounts of CoPolrne]n 
waxy oils find general application for theco- 
35 polymers here described. 
ExamPte 4 
A mixture was prepgred ïrom 28.4 párts by 
weight of octadecyl methacrylate 1ïL6 parts of 
40 2-chloroallyl .laurate, 10 parts of tolflee/'nd 
10 parts of benzoyl peroxide. Thls mixtie vas 
gradually charged during two hours fo a re- 
action vessel kept at 108°-115 ° C. ThemiXture 
was stirred and blanketed with nitrogen::gas. 
45 Until the end of 4.25 hours the temperatùre was 
held af 110 ° C. If was then held at 100 ° C. for 
the test of the heating period (ï.ï5 hours). At 
the end of the first three hours 4 parçs of benzoyl 
peroxide was added, at 4.5 hours 10 parts, at 
50 5.5 hours.4 parts, and at 6.5 hours 1.6 parts At 
ï.5 hours 190 parts of toluene was added. The 
product was a 40.3 % solution of c0p01ïmer,.cor- 
responding fo a yield of 82.4%. The icosity 
of a 30% solution in t01uene was 3.2 cs: at t00 ° F. 
55 Ëxampte 5 
A mixture of ï. parts of cetyl methacrylate, 
3 parts of allyl butyrate, i0 parts of tbluène, 
and 0.84 part of lauoyl peroxide Was àddéd :to 
a reaction vessel during the course of 
60 
The temperature of the copolymeriziflg haiture 
was kept af 100 ° C, and blanketed withnitrogen 
gas. Additions of benzoyl peroxide were:made 
at 3, 4.5, 5.5, and 6.5 hours in amounts of 0.2, 
65 0.5, 0.2, and 0.08 part rëspectively. Tolfiene Was 
added at ï.5 hors in an amount Of 9.0 parts. 
Total reaction rime was eight hodrs. The 
product was a. 33 % s0ution of copolymer, which 
ai 30% in toluene gave a viscosity of 5.2 cs. af 
70 100° F. 
ExampIë 6 
(a) A mixture of 9ï.5 parts by wèight-of 
octadecyl methacrylate, 2.5 parts of allyl po- 

Example 3  pionate, 100 pàrtS of "toluene,' gnd 5 pafts of 
A- mixture was: "pi'ëped from 45 parts: 'by 75 benzoyl lJerbxidè:Ws h'ted ai 103-105 ° C: :for 
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three hours and then at 109°-113 ° C. for flve 
hours. During this period small amounts of 
benzoyl peroxide and toluene were added ïrom 
rime to rime. The total amount of peroxide 
used was 14.8 parts. The product was a 41.6% 5 
solution of copolymer in an 85.6% yield. 
(b) A mixture of 40 parts of octadecyl meth- 
acrylate, 60 parts of allyl propionate, 50 parts 
of toluene, and 5 parts of benzoyl peroxide was 
treated as in Example 6a. The product as ob- 10 
tained was a 53% solution of copolymer in tol- 
uene. 
Both of the above copolymers depressed the 
pour points of waxy oils. 
Example 7 15 
A mixture of 40.5 parts of cetyl methacrylate, 
59.5 parts of allyl propionate, 50 parts of tol- 
uene, and 4 parts of benzoyl peroxide was heated 
between 100 ° and 108 ° C. for eight hours as in 20 
previous examples. The peroxide and toluene 
added during the course of copolymerization 
amounted to 10 parts and 50 parts respectively. 
The product was a 38% solution of copolymer 
in 75% yield. This copolymer also had a sig- 25 
nificant effect on the pour point of wax-contain- 
ing oils. 
Example 8 
A mixture of 53.3 parts of cetyl methacrylate, 
46.7 parts of allyl isononoate, 50 parts of fol- 3O 
uene, afid 5 parts of azodiisobutyronitrile was 
heated between 120 ° and 100 ° C. during an eight 
hour period and peroxide and toluene added 
ïrom rime to rime as in the previous examples. _ 
The copolymer obtained gave a viscosity of 7 cs. 35 
at 100 °F. to a 30% solution in toluene. The 
ratio of methacrylic ester fo allyl ester in this 
copolymer is 1:1.4. 
Example 9 40 
A mixture of 15 parts by weight of octadecyl 
methacrylate, 85 parts of allyl myriætate, 50 
parts of toluene and 7.5 parts of benzoyl perox- 
ide was copolymerized during the course of 8.5 
hours. Copolymerization was started with the 45 
temperature at 120 ° C. The temperature was 
allowed fo ïall during the copolymerization pe- 
riod to 103 ° C. Peroxide added ïrom rime to 
rime amounted to 12.3 parts; toluene to 150 parts. 
The product was a 30% solution of copolymer 50 
in a yield of 88.6%. At 30% of the copolymer 
in toluene the solution had a viscosity of 3.8 cs. 
at 100 ° F. 
The copolymers of this invention can be pre- 
pared with apparent molecu]ar weights from 55 
about 1»000 fo well over 50,000. The larger 
copolymers act not only as pour depressants but 
also as viscosity index improvers. For example, 
a copolymer from 85 parts by weight of octadec- 
yl methacrylate and 15 parts of allyl laurate 60 
was carried fo a size which gave a viscosity of 
196 cs. af 100 ° F. fo a 30% solution thereof in 
toluene. When this was dissolved in a 150 
Pennsylvania neutral having a viscosity index 
of 106.9, it considerably increased this index. 65 
A 0.5 % solution in this off had a viscosity index 
of 115.9; a 2% solution gave a viscosity index 
of 132.1. The pour point of these solutions was 
reduced 30 ° F. 
The influence of copolymers on the pour point 70 
of wax-containing hydrocarbon fluids was 
termined by introducing imall amounts thereof 
into such fiuids and observing the pour point 
of the solutions. Usually the A. S. T. M. pour 
test (D97-47) was applied. This was occasion- 75 
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ally supplemented with maximum pour tests or 
with shock chilling. The maximum pour de- 
termination is described in Proc. A. S. T. M. 45, 
appendix I, p. 245 (1945). The shock chilling 
determination is ruade by observing the sample 
during the initial cooling step with the cooling 
jacket at --60 ° F. 
Several types of oils were used for the tests. 
Off I was a 150 Pennsylvania neutral having a 
pour point of ÷25 ° F. This was known to be an 
off which was definitely amenable to the action 
of pour depressants. Off II was an S. A. E. 90 
gear off compounded from 30 parts of a 180 
Pennsylvania neutral and 70 parts of a 150 Penn- 
sylvania bright stock. This off bas a pour point 
of ÷25 ° F. Off III was a 500 Mid-Continent 
solvent-extracted off (S. A. E. 30) with a pour 
point of ÷25 ° F. This .was known to be an off 
which was hot readfly changed in pour point. 
A copolYmer ïormed from cetyl methgcrylate 
and allyl myristate in a mole ratio of 1:5.95 was 
dissolved in off I at 0.5% and 0.25% fo .give a 
pour point in both cases of --10 ° F. At 0.04% 
.in off ! the pour point was --5 °F. In off II at 
0.1% the pour point was 5 ° F. In off III at 
0.5% the pour point was --15 ° F. by shock chilling. 
A copolymer ïrom stearyl methacrylate and 
allyl laurate in a 1:0.075 mole ratio gave pour 
points as follows: 
In off I af 0.5% 0 ° F., at 0.25% --5 ° F., at 0.1% 
0°F.; 
7n oil II at 0.1% 10° F.; 
In off HI af 0.5 % 0 ° F. 
A copo]Ymer from stearyl methacrylate and 
allyl laurate in a 1:0.25 mole ratio gave pour 
points as ïollows: 
In off I at 0.5% and af 0.25% --15 ° F., at 0.1% 
--5 ° F.; 
In off II af 0.1% 5 ° F.; 
In off III at 0.5% --5 ° F. by shock chilling. 
A copolymer from stearyl methacrylate and 
allyl laurate in a 1:7.5 mole ratio had the ïollow- 
ing effects on pour points of the test oils: 
in off I at 0.5% and 0.25% --20 ° F., af 0.04% 
--5 ° F.; 
In off III at 0.5% --20 ° F. by shock chilling and 
--5 ° F. by the maximum pour test. 
A copolymer ïrom stearyl methacrylate and 
allyl laurate in a 1:24 mole ratio gave pour points 
of --25°F. in off I at 0.5% and 0.25% but was hot 
effective below the latter concentration--indicat-. 
ing that the upper limit for the proportion of allyl 
laurate had been reached. 
A copolymer from stearyl methacrylate and 2- 
chloroallyl laurate in a mole ratio of 1:ï.5 was 
tested. In off I at 0.5 % it gave a pour point of 
--10 ° F. and in off III at 0.5% if gave a pour 
point of --10 ° F. with shock chflling. 
A copolymer of tetracosyl methacrylate and 
allyl laura.te in a 1:7 mole ratio was examined in 
the test ofls. In off I af 0.5% it reduced the pour 
point to --15 ° F. and in off III at 0.5% to --5 ° F. 
Copolymers were prepared ïrom octadecyl 
methacrylate and allyl propionate over a range of 
ratios of the two esters. The copolymer based on 
a mole ratio of 1:0.075 gave pour points of 0 ° F. 
af 0.5 % in off I or off III. The copolymer with a 
mole ratio of 1:0.25 gave pour points of --10 ° F. 
at 0.5% and 0 ° F. at 0.25% and 0.1% in off I and 
of 10 ° P. in off II at 0.1%. A copolymer with a 
mole ratio of 1:2.9 gave pour points of 0 ° F. in 
off I at 0.5% and 0.25%. A copolymer with a 



mole, ratio 6f. 1 :-4.5, gave a pourpoint of 5 ° F. 
0i5% in 0ilI and of "5 ° F. atO.5%' in oil'III. 
A copo]ymerfrom octadecyl methacrylate and 
a!lyl isononoate .in a. 1:1.5 ratiogave a pour point 
of --25 ° F. at 0.1% in oil I-aud. of --10  F. at 
0.5% in oiI HI. A. solution of the polymer from 
octadecyl methacrylate in oil I-atO:5 % increased 
the po point .slightly. A polymer from all 
isononoate af 0.5% in oil;I 'did-hot change, the 
pour point..A mechacal mixture of the two 
separately formed, p01ymers in. a ratio..of  1:1.5 
failed - alter: the pour point.,when::dissolved in 
off I af 0.1% oç inoil  at0:5%. 
A copo!ymer from cetyl methacrylate.and.Clyl 
-3,5,5-trimethy]hexoate -in. a, mole ratio of 1: L04 
gave a pour point at 0.5% in'.oil I of. --25%F. and 
ai 0.1% in oit I of --20 ,F. InoflH at 0.1% .this 
copo!ymer depressed the pour .point fo 0  F. " In 
off HI at 0.5% it gav8 a pourpoint of ,--20-F. by 
shock chfi]ing. 
A copolymer from the above monomers,,in-a 
mole ratio of 1:1.98 gavea po point of ,20  F. 
at both 0.5 % and 0.25 % in off I. 
Two copolymers were prepared. rom cetyl 
methacrylate and methallyl laurate. One.had a 
ratio of 1:1,49 or -the two componen and was 
carried to a degree of copolymerization such 
a 30% solution in luene had , viscosity of 3.9 
cs. at 100  F. The other had a ratio of. 1:3.66 
for the two components. If gaVe a-viscosity in 
a 30% toluene solution of 2.ï cs. af 100  F. , Each 
copolymr af 0.5% in off I, depressed the pour 
point to --20  F. and  off -at 0.5% gave.a po 
point of 5  F. by shock chiHing and 5  F. by 
maxum pour test. 
A copolymer from ocdecyl methacrylate and 
allyl myriste  a 1:4 ratio gavepour pDts of 
--15  F. at 0.5% and 0.25% in oiI.I. 
The copolymers here described ara novel and 
possess an unexpected utility. They: are solub]e 
in hydrocarbon liqui and .deress the pour 
point of wax-containing liquids. They are par- 
ticularly useful in petroleum produc from 
paraffipAc, and.naphthenic scks. , The presence 
of 0.05% to 5% of one or more of the copo]ers 
diolved in a wax-bearing hydrocarbon quid ef- 
fectively depresses the normal pour point of.such 
liquid. Th effect is obtained with a wide range 
of apparent molecu!ar sizes of the copolymers and 
is of value hot ony in tubricating ofls but so in 
such liquids as .fuel oi and diesel fue . having 
a waxy pour point. e cepelymers of relative]y 
large molecular sizes are also effective inincreas- 
ing the vcosity index of oils. The presence of 

the .copolymers--does net. interfere with the. ror- 
mal functioning of. the oils or tue!s. They are 
. compatible .with other additives, .such .as anti- 
oxidan,ts, ..wear-ïesisting agents, 0iliness agents, 
5  extreme pressure agents, detergents, and the !ike. 
We claire: 
1. An oil-solub]e copolymer from (A) an ester 
of ynethacry]ic, a.cid and a saturated aliphatic 
monohydric alcohol having an alkyl group with 
a,straight chain of sixteen fo twenty-four carbon 
atoms-and (B) an allylic ester, of an alkanoic 
acid of three to fourteen carbon atoms and, an 
. alcohol selected from the class consisting of, allyl, 
methallyl, and 2-chloroallyl alcohols, the ratio of 
15 groups from the mehacrylic ester fo the allylic 
ester being from 1:0.075 fo 1 fo a number equal 
- to twice the number of carbon atoms in the long- 
est chain of the a]lylic ester. 
2. An off-soluble copo]ymer of octadecyl,meth- 
20 acrylate and allyt-!aurat e, the-mole ratio of meth- 
 acryate-goups therein -to the laurate groups 
--ing 1:0.05 to 1:24. 
- 3.?An off-soluble copolymer.o octadecyl-meth- 
crylate _ and - allyl 3,5,5-imethylhexoate, .the 
5 .-m01e ratio o£ methacrylatgïoups therein fo the 
3,5,5-trimethylhexóate groups, being 1:0.075 to 
1:12. 
4. An off-soluble copolymer oî cetyt meh- 
..acrylate :and allyl 3,5,5-timehylhexoae, the 
3o ...mo!e rie oï methacrYlate gro!ps therein te the 
..3j5,5:et!,mehYlhexoate gmups being frpm !.:0.075 
:e:t0 ; 12. 
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